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Spectral domain optical coherence tomography
(SD-OCT) is a widely used and minimally inva-
sive technique for bio-medical imaging [1]. SD-
OCT typically relies on the use of superlumines-
cent diodes (SLD), which provide a low-noise and
broadband optical spectrum. Recent advances in
photonic chipscale frequency combs [2, 3] based
on soliton formation in photonic integrated mi-
croresonators provide an chipscale alternative il-
lumination scheme for SD-OCT. Yet to date, the
use of such soliton microcombs in OCT has not
yet been analyzed. Here we explore the use of
soliton microcombs in spectral domain OCT and
show that, by using photonic chipscale Si3N4 res-
onators in conjunction with 1300 nm pump lasers,
spectral bandwidths exceeding those of commer-
cial SLDs are possible. We demonstrate that the
soliton states in microresonators exhibit a noise
floor that is ca. 3 dB lower than for the SLD
at identical power, but can exhibit significantly
lower noise performance for powers at the milli-
Watt level. We perform SD-OCT imaging on an
ex vivo fixed mouse brain tissue using the soli-
ton microcomb, alongside an SLD for compar-
ison, and demonstrate the principle viability of
soliton based SD-OCT. Importantly, we demon-
strate that classical amplitude noise of all soliton
comb teeth are correlated, i.e. common mode, in
contrast to SLD or incoherent microcomb states
[4], which should, in theory, improve the image
quality. Moreover, we demonstrate the poten-
tial for circular ranging, i.e. optical sub-sampling
[5, 6], due to the high coherence and temporal pe-
riodicity of the soliton state. Taken together, our
work indicates the promising properties of soliton
microcombs for SD-OCT.
First demonstrated in 1991 by Huang [7], optical co-
herence tomography (OCT) has become an important
technique for non invasive imaging of biological tissues
[8]. Today, OCT is a standard diagnostic tool in ophthal-
mology and has been extended to intravascular imaging
[9] and brain imaging [10–12]. Over the past decade, fre-
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quency domain methods (FD-OCT), i.e. spectral-domain
OCT (SD-OCT) and swept-source OCT (SS-OCT), have
superseded time domain OCT through their higher sensi-
tivity [13–17]. Since then, light sources and detectors for
FD-OCT (both SD and SS-OCT) have been improved,
providing low noise, larger bandwidths and faster acquisi-
tion rates. Recently, sources comprised of a set of discrete
frequencies have been proposed for FD-OCT, as they of-
fer an increased depth-sensitivity [18, 19], reduced power
exposure while maintaining a high axial resolution [20]
and an extended imaging range through optical-domain
subsampling [6]. The periodicity in the tomogram offered
by this novel acquisition scheme enables significantly ex-
tending the OCT imaging range in a data efficient man-
ner and shows great promise for imaging of non-planar
samples, such as in intra-operative scenarios [5].
One promising implementation of such discrete sources
for SD-OCT are soliton microcombs. First discovered
in 2007, these microcombs are generated by the nonlin-
ear conversion processes inside micro-resonators [21, 22].
Through adjustment of laser power and detuning, a dis-
sipative Kerr soliton (DKS) state can be excited, pro-
viding coherence lengths and bandwidths comparable
to continuous-wave and femtosecond lasers, respectively
[23]. The spectrum of a DKS state consists of fully co-
herent laser lines with linewidths equal to the CW pump
laser linewidth (typically ∼ 100 kHz), resulting in kilo-
meter scale coherence lengths. Its overall spectral band-
width can be tailored via dispersion engineering [24] and
can reach up to octave-spanning coverage [25]. In addi-
tion to their spectral properties, recent advances in fab-
rication technology have significantly reduced the power
requirements for DKS generation, thus allowing for di-
rect integration with semiconductor pump lasers [26, 27].
Altogether, through their exceptional optical properties
and wafer-scale fabrication, DKS microcombs are promis-
ing candidates as sources for imaging and in particular
OCT. Here, we demonstrate for the first time the use of
a soliton microcomb for SD-OCT.
Dissipative Kerr solitons as a source for SD-OCT.
We designed novel microcombs sources for OCT imag-
ing operating in the second optical window (NIR-II), at
1300 nm, for its relatively low water absorption and re-
duced tissue scattering properties. We fabricated three
Si3N4 resonators (one shown in the inlet of Fig. 1 e)) fol-
lowing the established photonic Damascene process [28]
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2FIG. 1. The principle of dissipative Kerr soliton enabled spectral domain OCT. a) A dissipative Kerr soliton (DKS),
based on the system shown in b), where a CW laser drives nonlinear frequency conversion in a photonic chip-based Si3N4 micro-
resonator. Here, the generated pulse train is comprised of discrete and equally spaced frequency components as determined
by the free spectral range of the non-linear cavity. In particular, this process creates a frequency comb via the dual balance
between non-linearity and dispersion on one hand, and loss and gain on the other. Eventually, the discrete components of this
micro-resonator frequency comb (or continuous source as in traditional OCT) are dispersively projected onto a CCD array as
shown in c), after passing through a standard OCT setup as seen in figure d). Experimental data for a variety of free spectral
ranges (Green 1 THz, Red 200 GHz, and Blue 100 GHz) typical of micro-resonator DKS are shown in e), along with an inset
microscope photograph of a ∼1 THz micro-resonator, and an SEM photograph of a typical bus waveguide in Si3N4.
with free spectral range (FSR) of ∼ 100, 200 GHz and
1 THz, respectively (Fig. 1 e). Through their large
waveguide cross sections, the resonators achieve anoma-
lous group velocity dispersion (GVD) in the NIR-II imag-
ing window (see Methods and S.I. for details). A micro-
comb, as shown in Fig. 1 a), is generated by the nonlinear
frequency conversion processes inside a micro-resonator
[22]. The mutual interplay between (non-)degenerate
four-wave mixing processes and self- and cross-phase
modulations provides an optical gain to the resonator
modes adjacent to the pumped mode. The Kerr comb
generation is achieved by sweeping the pump laser fre-
quency from the effective blue-detuned to a defined point
at the effective red-detuned side of the selected cavity
resonance. For DKS comb generation, the laser sweeping
typically stops at a multi-soliton state and proceeds to a
single soliton state through a backward frequency tuning
technique [29].
As illustrated in Fig. 2, the nonlinear frequency con-
version bandwidth of the 1 THz microcombs can readily
reach and exceed the bandwidth of SLDs. This is demon-
strated for two distinctly different operational Kerr fre-
3FIG. 2. Experimental demonstration of DKS enabled SD-OCT. a) Setup for DKS frequency comb generation based
on a 1300 nm external cavity diode laser (ECDL) amplified by a semiconductor optical amplifier (SOA). The laser wavelength
is tuned by a voltage ramp provided by the arbitrary function generator (AFG) and monitored by power meters (PM). After
coupling to the chip using lensed fibers, the transmitted light intensity is displayed on an oscilloscope (OSC) and provides
information about the tuning process. A tunable fiber Bragg grating (FBG) is used to suppress the pump light before sending
the generated light over a fiber link to the OCT setup located in a different laboratory on the campus. b) SD-OCT setup based
on a fiberized interferometer with a dispersion compensated reference arm and a high-resolution spectrometer. The setup was
designed for use with a broadband SLD and the DKS comb signal was inserted without further modification for imaging. c) A
chaotic modulation instability comb (blue) and a dissipative Kerr soliton (DKS) state (green) exhibiting spectral bandwidths
comparable to the commercial SLD (orange). The DKS spectrum follows the characteristic sech2 profile and has a low density
of avoided modal crossings. (d) The associated relative intensity noise (RIN) of the Kerr combs and the SLD. Note that the
two Kerr comb states were generated in different resonators, as detailed in the Methods section. Here, the yellow shaded region
represents the frequencies of interest for OCT measurements.
quency comb states: the DKS and the chaotic modula-
tion instability (MI) states (shown in Fig. 2 c). The DKS
state, shown in green, exhibits a characteristic sech2 spec-
tral envelope and reaches a spectral coverage similar to
the reference SLD source. The cross section of the 1 THz
DKS waveguide, 780× 1450 nm2, provides an anomalous
GVD (D2/2pi ∼ 40MHz) for soliton pulse formation. The
3 dB bandwidth of the DKS spectrum, highlighted in Fig.
2 c), is ∼ 8.3THz, corresponding to a 38 fs transform
limited pulse.
The chaotic Kerr comb state, shown in blue in Fig.
2 c), provides a spectral coverage well exceeding the
SLD’s, due to the lower GVD (D2/2pi ∼ 20MHz)
originating from its smaller micro-resonator cross section
(730 × 1425 nm2). The resulting spectral envelope is
overall flat but, in contrast to the DKS state, exhibits
4local power variations caused by avoided mode crossings.
Noise characteristics of soliton microcombs. To
assess the noise characteristics of these novel sources and
their applicability to OCT imaging, we first measure their
relative intensity noise RIN = SP (f)〈P 2〉 , with SP (f) denot-
ing the single sided power spectral density of the intensity
fluctuations (shown in Fig. 2 d), and demonstrate that
while the MI state provides a broader spectral coverage,
its chaotic nature results in an increase in RIN of nearly
20 dB, extending to very high offset frequencies in the
GHz domain (Fig. 2 d) [30]. These measurements were
performed for different FSRs (i.e. 100, 200 GHz and 1
THz), and resulted in similar RIN profiles between res-
onators (data not shown here). Accordingly, although
chaotic comb states in a Si3N4 microresonator have been
demonstrated in OCT imaging [4], their higher noise
should ultimately limit OCT performance as compared to
SLDs, especially at elevated imaging speeds. Meanwhile,
we also show that the DKS soliton state has comparable
intensity noise with the SLD, at frequencies higher than
10 kHz. In the low frequency regime, mechanical modes
of the input and output lensed fiber-coupling result in a
broad noise peak spanning from 100 to 1000 Hz for both
the MI and DKS states, which can be mitigated through
optimized packaging or feedback loops.
Even more so, the ultimate performance limit of co-
herent sources at high offset frequencies, such as the
DKS comb, is given by the photon shot noise (RIN =
2~ω
P = −145 dBc/Hz with 20 µW power on the detec-
tor) and improves with optical power. In contrast, in
the case of broadband, incoherent light sources, the RIN
is limited by spontaneous emission beat noise [31, 32]
(RIN = 1/B0 = −136 dBc/Hz for a 45 THz rectangular
bandwidth SLD source), which ultimately limits the dy-
namic range gain with high source powers in the reference
arm [33].
Next, we explore one unique feature of soliton micro-
combs; the high-degree of coherence between individual
comb lines. This is especially important in the context
of OCT, as line-by-line intensity noise of the frequency
comb’s retrieved spectra (Fig. 3 a) and c)) corresponds to
pixel-by-pixel noise in the retrieved image (Fig. 3 b) and
d)). Indeed, as an image in SD-OCT is produced via a
Fourier transform of the interferogram, only uncorrelated
intensity noise between various pixels degrades the final
image [34]. Noise in the amplitude of the spectrum’s en-
veloppe will be act only on the DC component of the to-
mogram (Fig. 3 a) and b), whereas uncorrelated intensity
fluctuations between the different optical frequencies will
lead to a higher noise level at all depths of the tomogram
(Fig. 3 c) and d)). To investigate these intra-tone noise
properties, we performed the cross-correlation of inten-
sity fluctuations on pairs of comb lines, using the experi-
mental setup described in Fig. 3 e) [35]. From both DKS
or MI combs, individual comb lines are filtered and time
traces are recorded and cross-correlated (Fig. 3 f) and
g) for various sampling speeds. The corresponding cross
power spectral densities (PSD) are depicted in Figures 3
g) and i). In practice, we chose two lines, at 1272 nm and
at 1320 nm (lines 1 and 2 respectively in Fig. 3). In the
DKS state, we observe a peak correlation coefficient be-
tween the two chosen lines of approximately 0.95, corre-
sponding to a sampling rate of 500 kSa/s. The maximum
correlation coefficient near zero lag stays well above 0.8
for sampling frequencies up to 5 MSa/s, indicating that
intensity noise between DKS comb lines is highly corre-
lated even at elevated frequencies. In contrast, for the
fully developed MI state, the maximum correlation coef-
ficient between lines 1 and 2 is approximately 0.24, and
occurs for the lowest sampling speed (DC). For all higher
sampling frequencies, however, the correlation coefficient
decreases to approximately 0.01, indicating highly uncor-
related intensity noise between comb lines. We expect a
similar behavior for the the classical noise of nearly all
incoherent sources, including for SLD sources.
As mentioned earlier, given that the ultimate limit
of the noise properties of frequency domain OCT is set
by the degree of correlation of intensity noise between
various spectral channels [34], and therefore different
optical frequencies, the DKS state can offer significant
advantages, in terms of noise, as compared to the MI
state. In view of these differences in noise performances,
as well as the DKS’s superior nonlinear efficiency and
bandwidth, we chose to use a DKS source for the OCT
experiments presented here.
Spectral characteristics of microcombs and their
implications for OCT imaging and circular rang-
ing. In frequency domain OCT, depth-resolved informa-
tion about the sample is conveyed through the amplitude
and frequency of an inteferogram. A reflectivity profile
is obtained through a Fourier transform of the recorded
spectrum on the spectrometer. From sampling theory,
the maximum imaging depth obtainable zmax is therefore
dictated by the spectrometer’s spectral resolution δkCCD
as [36]:
± zmax = ± 1
4δkCCD
(1)
As such, OCT systems designed for high axial resolution
and deep penetration imaging require a detection capable
of registering a broadband spectra at a fine spectral reso-
lution. In practice, combining these two features is cum-
bersome in SD-OCT due to the limited length of current
array detectors (typically between 1024 and 2048, and
exceptionally 8196 pixels [37]), ultimately limiting either
the effective resolution or the available imaging range.
When comb-like sources, such as Kerr combs, are em-
ployed instead of a continuous spectrum, the discrete set
of frequencies will generate a periodicity in the tomo-
gram if the frequency/time difference between the combs
is sampled by the detector [6]. The frequency of this peri-
odicity, called the ambiguity range, is determined by the
source’s repetition rate frep (which also corresponds to
the temporal separation between the individual pulses).
5FIG. 3. Frequency Dependent Noise Correlations a) A frequency comb interferogram (black), which is dispersively
projected onto a CCD array. Correlated intensity noise (blue) modulates the full comb envelope (red). b) Tomogram cor-
responding to the spectrum in a). The DC peak is sensitive to the noise, but no change in background SNR and dynamic
range occurs. c) Uncorrelated intensity noise between various comb lines, which manifests in the interferogram seen in d) as an
increase in background signal. e) Setup for intensity noise correlation measurement. DKS and MI states are generated by laser
piezo tuning. Various lines are then filtered from the resulting spectrum, sent through variable optical attenuators (VOA), and
sampled with a high-resolution oscilloscope. d) and f) The cross correlation of lines "1" and "2" for the DKS and MI states,
where lines "1" and "2" correspond to 1272 nm and 1320 nm, respectively. The x-axis denotes the relative lag in units of the
sampling rate, as derived from the samples per second (Sa/s), with all color indications shared between sub-figures. f) and h)
The cross power spectral densities corresponding to g) and i). Here, the grey shaded region represents technical noise, likely
originating from acoustic modes of the input- and output coupling fibers, while the yellow shaded region indicates the range of
typical SD-OCT A-scan rates.
For Kerr combs, the repetition rate is given by the micro-
resonator FSR (D1/2pi):
zambiguity =
c
2ntissue
1
frep
≈ c
2ntissue
2pi
D1
(2)
with the speed of light c and the tissue refractive index
ntissue. For the imaging experiments carried out below,
we used micro-resonators with a 1THz FSR, leading to
an ambiguity range of ∼ 71µm compared to a maximum
imaging range of ∼ 2mm offered by the spectrometer. In
contrast, the lower FSR DKS sources shown in Fig. 1 e)
offer repetition rates down to 100 GHz, corresponding to
an increased ambiguity range of ∼ 710µm.
In addition to their discreteness in frequency, DKS
sources also possess interesting temporal coherence
properties. Although the overall coherence length of
the source is dictated by its bandwidth, the coherence
length of each comb tone of the DKS source equals that
of the driving pump laser and thus amounts to several
kilometers for a pumping linewidth around 100 kHz. As
mentioned earlier and highlighted in Equation 1, the at-
tainable imaging range in FD-OCT is typically dictated
either by the spectral resolution of the spectrometer or by
the width of the swept spectral line (for spectral-domain
and swept-source respectively). When combining DKS
sources with an SD-OCT system, a mismatch can
therefore occur between the imaging range (given by the
spectrometer, here ∼ 2 mm) and the coherence length of
each comb tone (here > 2 km). As such, the coherence
lengths reached here largely exceed the imaging ranges
of typical OCT systems, entailing novel advantages and
disadvantages for imaging, which will be discussed below.
6FIG. 4. Qualitative performance comparison of SLD and DKS OCT for ex vivo cerebral tissue imaging. En-face
images at different depths of a slice of brain tissue were obtained with both SLD and DKS sources a) and c) respectively,
revealing the presence of highly scattering neuronal fibers (pointed by blue arrows). The en-face views obtained with the
DKS source also contain additional features, pointed by red arrows, such as bright vertical stripes, circular ring patterns, and
higher intensity regions. The cross-sections for both SLD and DKS imaging b) and d) respectively, highlight the imaging’s
field curvature, highly reflective structures below the sample (pointed by white arrows) and the presence of an ambiguity range
when imaging with the discrete DKS source (pointed by red arrows).
OCT imaging with a DKS microcomb. The differ-
ence in performance between the SLD and the DKS as
sources for OCT imaging was qualitatively assessed by
imaging a ∼ 50 µm thick slice of a mouse brain tissue.
The OCT was equipped with a 40× 0.8 NA objective
(Olympus) to obtain a lateral resolution of ∼ 1.5 µm
and a depth-of-field shorter than the source’s ambiguity
range. In a first step, we imaged the slice using the SLD
source, providing an axial resolution of ∼ 6 µm in air.
Figure 4 a) presents en-face views over a 200× 200 µm2
area at specific depths, whereas panel b) shows the cross-
section images of the SLD based OCT tomogram. These
views present similar features as other OCT observations
of cerebral tissues [12], such as neural fibers (pointed by
white arrows), which appear as directional, bright, and
fine structures over dim neuropil. Within the neuropil,
darker circular structures seemingly point to the pres-
ence of neuronal cell bodies, as already observed in high
resolution OCT [12, 38].
Secondly, without modifying any imaging parameters
nor touching the sample, the SLD was disconnected from
the system and replaced with the DKS source, providing
an axial resolution of ∼ 10 µm in air. Figures 4 c), d)
and e) show the OCT tomogram of the same sample with
the DKS light source. The neural fibers can be clearly
observed in the en-face views with higher contrast. How-
ever, the neuropil appears darker and fewer details can
be discerned. Additional artifacts, as indicated by the
red arrows, are present in some of the DKS views and
are likely caused by the combination of two character-
istics of the DKS source: its discrete set of frequencies
and its narrow linewidth. Overall, the dynamic range
obtained in the DKS images is reduced by ∼ 19 dB com-
pared to the SLD. This discrepancy could originate from
the significantly lower power provided by the DKS source
(estimated to be up to a fourth of the SLD power) and
from the presence of the spurious back-reflections, ulti-
mately drowning the collection of weakly scattering fea-
tures. For both sources, the A-scan rate was maintained
at 46 kHz. The images presented in panels c) and d)
were obtained by selecting only the comb tones from the
interferograms, dismissing non-illuminated pixels. Con-
versely, for panel f) the entire recorded interferogram was
used. More details on the processing are available in the
S.I. The axial resolution of the SLD and the DKS were
extracted using a reflective mirror (as shown in S.I. Fig.
6) and are ∼ 6 µm and ∼ 10 µm respectively.
As mentioned earlier, the frequency discretization of
the source will lead to a periodic image folding along
the axial dimension, as similarly observed by Siddiqui
et al. [6]. The ambiguity range of the source can be
observed in the cross-section (Fig. 4 e) and manifests
itself as an axial periodicity of the structures (orange
arrows in Fig. 4 e). As the comb width is significantly
narrower than the spectrometer’s spectral resolution, the
coherence length of the DKS comb tones exceeds both
the ambiguity range and the spectrometer’s imaging
range (Fig. 1 b). The aforementioned image folding and
extended coherence length thus allows reflections within
the optical path to interfere with the reference arm,
and will ultimately be superimposed with the features
under investigation. As a result, some of the artifacts
7in the DKS images might stem from the folding of
structures beyond the DKS’s ambiguity range, such as
reflections from optical components and the coverslide
(illustrated in Fig. 1 a) or from the back-scattering
of cerebral structures. Some of the artefacts pointed
by red arrows in Fig. 4 c) can be observed at deeper
locations in the SLD’s tomogram, highlighted by green
arrows in Fig. 4 b). Typically, these strong reflections
will occupy a significant portion of the spectrometer’s
dynamic range and could ultimately drown the fine de-
tails of the image, as previously observed in OCT [39, 40].
Future direction of the DKS based SD-OCT. In
this manuscript, we have demonstrated for the first time
the use of a DKS source for SD-OCT. We show that
such soliton sources (DKS) are an interesting candidate
for SD-OCT imaging through their low-noise, discrete
set of frequencies and large bandwidths. Our work high-
lights the high noise performance of the source: specif-
ically, the DKS (a coherent broadband source), equals
and even outperforms an SLD (fully incoherent source)
in its relative intensity noise (RIN). Equally important,
DKS feature a unique property, in our knowledge pre-
viously unseen in OCT sources: the noise between the
comb tones comprising the soliton frequency combs shows
an unprecedentedly high degree of correlation. This fea-
ture is particularly important in OCT, as images are ob-
tained through a Fourier transform of the spectrum. As
such, noise common to all comb tones does not degrade
the dynamic range, whereas relative uncorrelated fluctu-
ations from pixel to pixel contribute to a significant dy-
namic range reduction [34]. With the noise of the source
characterized, we imaged ex vivo mice fixed brain slices,
and found that the novel source allows for visualization
of similar features to an SLD source, although with an
overall reduced dynamic and imaging range. Overcom-
ing these pitfalls can be achieved by optimizing both the
OCT instrument and the source. First, the artefacts
present in Fig. 4 c)-e) could be suppressed either by
using solely reflective optical elements [41] or through a
dark-field implementation [39, 40]. As these spurious re-
flections can occupy a significant portion of the dynamic
range of the camera, eliminating these features could help
further enhance the system’s imaging capabilities. Sec-
ond, the ∼ 71µm ambiguity range available with 1 THz
DKS is too short for most imaging applications. It is
however sufficient for imaging of thin flat tissues and for
certain optical biopsy applications [42–53], wherein there
is need for a real-time assessment of brain and tumor
tissue on a cellular level, as patient survival has been
shown to be correlated to the extent of tumor resection
[54]. Moreover, as shown in Fig. 1 e), DKS sources with
shorter FSRs down to 100 and 200 GHz are already avail-
able with similar noise profiles as the one used here for
imaging. These sources would enable reaching ambiguity
ranges up to ∼ 0.7 mm, which are compatible with most
in vivo imaging applications[6]. Third, fully exploiting
the circular ranging capabilities of the source requires
reading the interferograms in a complex-valued form [5],
which can be attained by adding acousto-optic frequency
shifters to the system [55, 56]. Lastly, the central wave-
length of 1300 nm used here is not suitable for all in vivo
applications, especially human ophtalmology. Neverthe-
less, the source’s design can be modified, enabling shift-
ing of the central wavelength to shorter spectral ranges,
such as 1 µm, as demonstrated previously [57, 58].
Overall, in addition to the unprecedented noise per-
formance of the DKS source and the increased imaging
efficiency available through optical-domain subsampling,
frequency combs could potentially alleviate certain short-
comings of SD-OCT detection schemes by facilitating λ-
to-k mapping and reducing depth dependant sensitivity
roll-off [18, 19]. DKS sources could also lead to higher
axial resolutions at 1300 nm: as highlighted in Fig. 2
c), the power spectral density of the DKS source exceeds
the SLD’s from ∼ 1250 nm to 1500 nm. As such, using
spectral shaping, the DKS could provide a bandwidth
comparable or larger than current broadband SLDs used
for 1300 nm imaging.
The high performance of the DKS source could lead
to a significant miniaturization of the OCT system. The
optical-domain sub-sampling capabilities of the source,
highlighted in Fig. 4 c), already indicate a potential
shortening of the reference arm of ∼ 2 mm. Further-
more, although not demonstrated here, the long coher-
ence length of the DKS combs could enable further short-
ening of the length of the reference arm, reducing the
instrument’s footprint. In traditional SD-OCT systems,
the path delay difference between the reference and sam-
ple arms needs to be smaller than the maximum imaging
range of the spectrometer to record an interference. In
the case of a frequency comb, this condition is alleviated
through optical sub-sampling, so long as the path delay
difference is within the coherence length of each line of
the source. As the DKS source used in this study has a
theoretical coherence length for each comb line beyond a
kilometer, the reference arm length could be significantly
shortened, ultimately paving the way to future miniatur-
ized and potentially more efficient high-resolution OCT
imaging systems. Lastly, the optical-domain subsam-
pling properties of our source would be highly valuable
in human in vivo imaging, wherein the sample geometry
is often non-planar and features could exceed the imag-
ing range, such as in ophtalmology and intra-operative
OCT. Altogether, the aforementioned noise and spectral
properties of DKS microcombs hint to their significant
unexplored potential for future exploitation in SD-OCT.
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METHODS
Here we describe the experimental realization of Kerr
comb based SD-OCT. Figure 2 shows the experimental
setting consisting of two distinct setups located in build-
ings spaced by about ∼ 700m. A fiber link connects
the setup for DKS generation and the SD-OCT setup
between the two laboratories.
Micro-resonator fabrication. The samples em-
ployed are 1THz FSR micro-resonators formed by Si3N4
waveguides. Figure 1 e) shows the micro-resonator used
in this work. These resonators were fabricated using
the photonic Damascene process which avoids common
processing challenges of thick Si3N4 films [28, 59] and
has recently allowed for micro-resonator Q factors
exceeding 10 million [26]. The continuous wave pumping
light is coupled into the Si3N4 chips via a double inverse
taper [60]. For the 1 THz DKS comb, the cross section
is 1.45 × 0.78µm2 while for the chaotic comb, it is
1.425 × 0.73µm2. The bus waveguides (design width
0.55µm for DKS and 0.525µm for the chaotic comb)
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couple the light into the ring resonators (22.71µm
radius) are mode matched to excite the fundamental
TM00 mode. The resonance linewidth is below 100MHz
as has been measured in the recent publication [61]. The
waveguide cross-section of the 100 and 200 GHz FSR
DKS microresonators is 1.52× 0.82µm2. The simulated
dispersion profiles, including the modal dispersion (D2)
and the modal deviation from the resonance frequency
of the nearest mode (Dint) can be found in figure 5.
Kerr comb generation. The DKS light source
is pumped by a 1300 nm external cavity diode laser,
which is amplified up to ∼ 650mW power using a
semiconductor optical amplifier (SOA). The amplified
light is coupled to the silicon nitride micro-resonator
chip via lensed fibers. The pump polarization can be
adjusted via a paddle controller and both the power
before and after the chip are monitored via power meters
(PM). We estimate a soliton excitation power in the
bus waveguide of ∼ 290mW. An arbitrary function
generator (AFG) provides the voltage ramp signal
driving the laser frequency tuning. A standard voltage
ramp tuning method [29]: through the voltage-ramp
tuning, a multi-soliton state is excited which is then
converted into a single soliton through backward tuning.
A tunable fiber Bragg grating (FBG) is used to atten-
uate the residual pump light while the back-reflected
pump is detected through a fast photodiode and shown
on an oscilloscope (OSC) to monitor the laser tuning.
The generated DKS spectrum is free of avoided mode
crossings causing strong local power deviations typically
originating from the multimodal nature of the waveguide.
OCT imaging. The generated DKS comb is then
sent to a custom-built OCT setup through a ∼ 700m
long optical fiber link (to connect the source from one
laboratory to the OCT setup in another laboratory).
The SD-OCT setup was designed for a commercial
SLD with a central wavelength λ0 = 1310 nm and
bandwidth δλ = 150 nm (LS2000C, Thorlabs) and its
detection is based on a highly sensitive spectrometer, as
described previously [62]. Both the source and detection
are connected via a broadband fiber beam splitter
(TW1300R5A2, Thorlabs) with a dispersion compen-
sated reference arm and a sample arm comprising a galvo
mirror scan unit (6210H, Cambridge Technologies), a
high NA objective (LUMPLFLN-40XW, Olympus)
and imaging optics. The scanner control and data
readout are performed by a connected computer with
a high-speed input. The output optical power of the
SLD source is ∼ 9.15mW while the DKS comb is
< 2.3mW. All images were acquired at an A-scan
rate of 46 kHz. The post-processing steps, including
k-space resampling and Fourier transformations were
performed using a custom software implemented in
MATLAB (Mathworks). The axial resolution of the
SLD and DKS systems were characterized by placing
a mirror in the front focal plane of the objective and
were measured as ∼ 6µm and ∼ 10µm in air respectively.
Image processing. The images presented in Fig. 4
were obtained after Fourier transform of the spectral
interferograms recorded by the spectrometer. Prior
to visualization, the dynamic range of the data was
reduced using first a logarithmic operation (10×log10())
and a clipping operation (same operations for both
DKS and SLD images). The data was then spatially
smoothed using a median filter in MATLAB [63], planes
at different depths were selected. The clipping limits
were obtained by taking the 0.01% and 99.9% intensity
values of the imaged planes, after median filtering.
Background subtraction was performed, prior to Fourier
transforming, by averaging each B-scan into a single
background vector, which was then subtracted to the
entire B-scan. This step was repeated for each B-scan of
the volume. This step was performed for both SLD and
DKS data. The DKS data was processed in two separate
ways, as shown in Fig. 4, either by considering the entire
interferogram or by selecting only the comb peaks. In
the first processing method, the entire interferogram
was considered, including non-illuminated pixels. The
obtained A-scan for each position is of the same length
as the spectral interferogram (Fig. 4 e). In the second
method, the comb tones positions on the interferogram
were first identified by computing the local maximal
value around the tone. Using their positions, shorter
interferogram were obtained by eliminating all other
pixels (non comb tone pixels). The resulting A-scan
were therefore significantly shorter than those obtained
in the first method, and include solely one ambiguity
range (Fig. 4 c-d). The dynamic range of the planes for
both methods was 19 and 23 dB for the first and second
processing pipelines respectively.
Brain tissue preparation. All animal procedures
were carried out according to Swiss regulations under
the approval of the veterinary authority of the canton
of Vaud (protocols VD3056 and VD3058), are in-line
with the 3Rs and follow the ARRIVE guidelines. After
transcardiac perfusion, the brains of B6SJL/f1 mice
were extracted, placed into 4% PFA overnight and then
placed in a solution of 30% glucose. The brains were
finally cut into slices of ∼ 50µm using a microtome and
placed on a glass coverslide. These samples had been
prepared for previous studies [64, 65], no new samples
were prepared for this manuscript.
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SUPPORTING INFORMATION
The dispersion profiles, including the GVD parameter
(D2/2pi) and the integrated dispersion (Dint/2pi) (Fig. 5)
of the micro-resonators were simulated using COMSOL
multiphysics R© with the 2D axial symmetric model. The
cross-section dimension is 1.45 × 0.78µm2 for the DKS
comb and 1.425 × 0.73µm2 for the chaotic comb. Both
the radius of the resonators were 22.71µm. The TM00
mode in the waveguides were calculated.
To characterize the imaging performance of the DKS
as a light source for OCT imaging, we used a highly re-
flective mirror substrate as a sample. Figure 6 a) shows
the DKS signal as recorded by the spectrometer’s image
sensor without the mirror (i.e. signal from the reference
arm). Interestingly, although the line width is signifi-
cantly shorter than the camera’s spectral sampling, the
comb line can be sampled on adjacent pixels as can be
seen in the inset. From the Gaussian-like shape of the
recorded peak, we believe this effect to be likely caused
by the diffraction limited size of the spot on the cam-
era. Other potential causes include electronic cross-talk
between the pixels and a sub-optimal matching between
comb teeth spacing and the detector pixel pitch. The ap-
parent divergence between this observation and the con-
ceptual illustration presented in Fig. 1 a) does not how-
ever impact the circular ranging abilities of the source, as
the coherence length of a single comb tone still exceeds
the imaging range of the spectrometer. After placing the
mirror, we obtain the tomogram shown in logarithmic
scale in Figure 6 b) by Fourier transforming the signal
obtained from the spectrometer. A resolution of ∼ 10µm
and an ambiguity range of ∼ 71µm are derived in the air.
The signal attenuation over depth observed, also termed
roll-off, is caused primarily by the spectrometer’s finite
spectral sampling despite the fine width of the comb’s
lines.
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FIG. 5. Dispersion simulations of the micro-resonators a) GVD parameter (D2/2pi) and b) integrated dispersion
(Dint/2pi) of the micro-resonators were simulated using COMSOL multiphysicsR© simulation package with the given dimen-
sion parameters detailed in the Methods section
FIG. 6. Characterization of imaging performance a) DKS comb spectrum as acquired by the spectrometer’s line sensor.
Inset showing a zoomed-in view of a single tooth of the comb being sampled by adjacent CCD pixels. b) Tomogram of the a
mirror placed under the objective obtained with the DKS source, obtained after re-sampling and Fourier transformation of the
spectral interferogram.
